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(54) Title: SULPHUR REMOVAL 
(57) Abstract 

Sulphur compounds are removed from a liquid FCC gasoline 
stream by con«c. with a tertiaiy hydroperoxide w.th a catalyst e - 
fectWe to catalyse the reaction of tertiary hydroperoxides with sul- 
ohu compounds, whereby the sulphur compounds are conver^«^ to 
Cher bXg po nt sulphur compounds. A higher bodmg po.n frac- 

of con^inlng'the higher boiling PO'P' «^£:;,%XtpLS; 
seouently separated from the hydrocarbon stream. Before scparat«m 
higher boiling fraction, preferably residual hydroperoxide s 
dLo^pS caulytifally using e.g. a nickel catalyst. TTie hydrope - 
ox dTmTbe made in situ by passing the FCC stream, which w. l 
comain a'proportion of isoparaffins. and an oxygen-contammg gas. 
e.g. air, over a catalyst such as alkalised alumina. 
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^UlPhV removal 

This invention relates to sulphur removal and in particular to the removal of sulphur 
compounds from liquid hydrocarbons, particularly gasoline FCC fractions produced by cracking 
naphtha. Such FCC fractions generally have an atmospheric pressure boiling range of up to 
220*C and generally contain hydrocarbons containing 5 to 12 carbon atoms, in particular 
paraffins, olefins, cycloparaffins and aromatic hydrocarbons. The olefin content is usually at least 
20% on a molar basis. Unfortunately, the FCC fractions generally also contain sulphur 
compounds, in particular mercaptans and thiophenic compounds. 

There is growing environmental and legislative pressure on reducing the sulphur 

compound content of gasoline. 

One known method is hydro-treating wherein the hydrocarbon is reacted with hydrogen in 
the presence of a suitable catalyst, often a nickel or cobalt molybdate, so the sulphur 

compounds are hydrogenatea to iormnyuroyeMauiH.i.uc. r . -- 

removed by absorption in a regenerable wash system, e.g. amine scrubbing. However hydro- 
treating processes are liable to effect hydrogenation of valuable components such as aromatics 
or olefins in the hydrocarbon stream. This leads to a reduction in the octane number of the 
gasoline, which is a disadvantage with respect to its performance. 

It has been proposed in US 5318690 to overcome this problem by fractionating a 
catalyecally cracked naphtha to give a light and a heavy fraction. The light fraction, which 
contains the olefin components and the low boiling sulphur compounds such as mercaptans. is 
subjected to an oxidative sweetening process, while the heavy fraction containing higher sulphur 
compounds such as thiophenes is subjected to hydro-desulphurisation and then the 
hydro-desulphurised higher fraction is subjected to a controlled cracking to increase the octane 
rating thereof. Since the cracking produces olefins which may combine with the hydrogen 
sulphide produced in the hydro-desulphurisation stage, the product is subjected to a further 
hydro-desulphurisation step and then combined with the sweetened light fraction after removal 
of the sulphides and disulphides therefrom. 

The oxidative sweetening process of FCC gasoline fractions is well known, see for 
example US 4206043, GB 2071 134 and US 4574121 . and comprises contacting the liquid 
fraction with an oxygen-containing gas. e.g. air. in the presence of a suitable catalyst, e.g. cobalt 
phthalocyanine. often dispersed in an aqueous caustic solution. As a result of the oxidative 
sweetening, the mercaptans are converted to sulphides and/or di-sulphides. However this 
oxidative sweetening does not effect oxidation of the thiophenic sulphur compounds. 

It is also known that sulphur compounds in hydrocarbons can be oxidised to sulphoxides 
and/or sulphones. Thus GB 2262942 and EP 0565324 describe the non-catalytic oxidative 
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treatment of both light and heavy liquid hydrocarbons, for example ranging from naphtha, 
through gasoline, kerosene and gas oil to heavy fuel oils, containing sulphur compounds to give 
the corresponding sulphoxide and/or sulphone having increased boiling points compared to the 
unoxidised sulphur compounds and suggest that the sulphur compounds may be separated by 
5 subjecting the hydrocarbon to distillation leaving the oxidised sulphur compound as a component 
of the distillation residue. US 3816301 discloses that thiophenic sulphur compounds in heavy 
hydrocarbons can be oxidised using hydroperoxides, for example tertiary butyl hydroperoxide 
formed by the oxidation of isobutane with a gas containing free oxygen. 

We have found that, surprisingly, hydroperoxides can be used to oxidise the sulphur 
1 0 compounds in FCC streams to higher boiling compounds with minimal oxidation of the aromatics 
and olefinic components thereof. Hereinafter, boiling points refer to the boiling points at 
atmospheric pressure. For example dimethyl sulphide has a boiling point of about 38-C 
whereas the oxidation product, dimethyl sulphoxide. has a boUing point of 190'C and the further 
oxidation product, dimethyl sulphone. has a boiling point of 238"C. Likewise thiophene has a 
1 5 boiling point of 84°C while thiophene sulphoxide has a boiling point of about 21 5-220'C. 

We have therefore realised that the process of US 5318690 may be simplified by oxidising 
the FCC stream under conditions effective to convert the sulphur compounds to sulphoxides or 
sulphones with minimal oxidation of the olefins present and the subjecting the treated FCC 
stream to fractional distillation to separate the lighter components of the FCC stream, including 
the olefin components, as a gasoline firaction having a greatly reduced sulphur content, leaving a 
small higher boiling fractton containing the oxidised sulphur compounds. If desired, as described 
in US 5318690 this higher boiling fraction may be desulphurised by conventional techniques 
such as hydro-desulphurisaUon and then mixed with the lighter fraction. Alternatively the higher 
boiling fraction, after hydro^esulphurisation if desired, can be added to the heavy FCC fraction 
(boiling range typically >200'C). which may be hydrotreated before being added to the diesel 
pool . 

Accordingly the present invention provides a process for the removal of sulphur 
compounds from a liquid hydrocarbon FCC stream containing olefins and thiophenic sulphur 
compounds comprising contacting said hydrocarbon stream and a tertiary hydroperoxide with a 
catalyst effective to catalyse the reaction of tertiary hydroperoxides with sulphur compounds, 
whereby the sulphur compounds are converted to higher boiling point sulphur compounds and 
thereafter separating a higher boiling point fraction containing said higher boiling point sulphur 
compounds from said hydrocarbon stream. — 

Suitable catalysts can be constructed from the Group IV. VI and VIII metals. Examples of 
such catalysts include titanium silicate or metallo-phthalocyanine compounds (supported or 
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unsupported), for example cobalt phthalocyanine which may be used as such. i.e. unsupported, 
or sulphonated on the phthalocyanine ring to give a water soluble derivative which is used to 
impregnate a suitable support to fom, a supported catalyst. The catalyst is desirably selective 
for the oxidation of sulphur species without loss of hydroperoxide to oxygen gas and the 
corresponding alcohol. The reaction is preferably effected with the catalyst In the form of a fixed 
bed through which the hydrocarbon stream, in the liquid state, and containing the hydroperoxide, 
is passed. Since the hydroperoxides tend to decompose at relatively low temperatures, the 
reaction is preferably effected adiabatically with the hydrocarbon stream being fed to the catalyse^ 
at a temperature in the range 20 to 80'C. The amount of hydroperoxide required will nomiaily 
depend on the amount and nature of the sulphur compounds. Thus generally there should be at 
least one mole of hydroperoxide per mde of sulphur compound. An excess of hydroperoxide 
should normally be employed. 

isooaraffin, e.g. isobutane 

I ne tertiary nyuiOpeiuAiw« . 

(2-methyl propane) or isopentane (2-methyl butane) with a gas containing free oxygen, 
preferably air. in the presence of a catalyst effective to catalyse the oxidation uf isoparafRns to 
tertiary hydroperoxides. Suitable catalysts Include basic catalysts such as alumina impregnated 
with potassium hydroxide. The hydroperoxide, preferably without separation thereof from any 
residual isoparaffin. may then be added to the hydrocarbon stream to be treated. Alternafvely. 
and preferably, the hydroperoxide may be made in situ. Thus the FCC hydrocarbon stream itself 
will normally contain a proportion of isoparaffins. Typically FCC streams contain 5-1 5% by 
weight of pentanes of which 65-85% is isopentane (2-methyl butane). Altematively an 
isoparaffin stream may be added to the hydrocart^on stream to be treated. By passing the 
hydrocart,on stream containing the isoparaffin over a basic catalyst as aforesaid while bubbhng 
an oxygen-containing gas such as air through the hydrocarbon, the tertiary hydroperoxide may 
be fomied Since the reaction forming the hydroperoxide is exothermic but the peroxides 
decompose at relatively low temperatures, the reaction is preferably effected adiabatically at 
relatively low temperatures with the hydrocartjon stream being fed to the catalyst at a . 
temperature in the range 20-80-C. The remainder of the hydrocarbon stream acts as a diluent 
to keep the temperature rise resulting from the exothennic reaction to a minimum. The 
operation of the formation of die hydroperoxide at low temperatures is desirable to avo.d side 
reactions, e.g. oxidation of other components of the hydrocarbon stream. The reaction .s 
conveniently effected using a fixed bed of the catalyst with the hydrocarbon flowing, in the l.quio 
state down through the catalyst while air is injected into the liquid beneath the catalyst and flows 
upwards count r-current to the hydrocartjon liquid. The air is likewise preferably fed at a 
temperature in the range 20-80'C. 
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In another possible arrangement, the system is operated at an elevated pressure, for 
example 10 to 20 bar abs. and compressed air is injected into, and dissolves in, the pressurised 
liquid hydrocarbon and the resulting solution is then passed through the catalyst bed. 

As indicated above, an excess of the hydroperoxide should normally be employed in the 
5 sulphur compound oxidation stage. Hence the amount of oxygen-containing gas that needs to 
be introduced to produce the hydroperoxide will depend on the amount and nature of the sulphur 
compounds and the efficiency with which the oxygen-containing gas is utilised to form the 
hydroperoxides. Normally the amount of isoparaffins present will be far greater, in molar terms, 
than the amount of hydroperoxide required in the sulphur compound oxidation step, even after 
1 0 allowing for an excess of the hydroperoxide in that step. Hence the amount of oxygen- 
containing gas required is normally insufficient to oxidise all the isoparaffins present. However, 
there will normally be a small excess of oxygen-containing gas. e.g. air. leaving the 
hydroperoxide formation stage. This gas can be bled off and used as part of combustion air in 
an associated process employed in the production or further treatment of the hydrocarbon 
1 5 stream. 

The formation of the hydroperoxide and oxidation of the sulphur compounds may be 
effected in different vessels, but in a prefen-ed process, they are effected in a single vessel with 
the sulphur compound oxidation catalyst preferably disposed as a fixed bed beneath a fixed bed 
of the hydroperoxide formation catalyst with the hydrocarbon stream flowing down through the 
20 beds and with the oxygen-containing gas injected between the beds. However in some cases it 
may be more convenient, where both catalyst beds are located in a single column or vessel, to 
inject the oxygen-containing gas at a location beneath the sulphur compound oxidation catalyst. 
In another alternative a single bed consisting of a mixture of the two catalysts may be employed. 
Where the beds of catalyst are disposed are disposed in a single vessel or column, it is 
25 generally convenient to operate both stages at essentially the same pressure and temperature 
so that there is no need for heating or cooling and/or compression or expansion between the 
stages. The pressure is preferably in the range 1 to 20 bar abs.. especially in the range 1 to 15 
bar abs. 

After the sulphur compound oxidation step, the mixture will normally contain some 
30 residual hydroperoxide. The excess is preferably decomposed before separation of the oxidised 
sulphur compounds. The excess of hydroperoxide may be decomposed by heating the mixture, 
e.g. to a temperature above 100'C. but this is less preferred as the residual hydroperoxide may 
tend to react with other components, e.g. aromatic or olefinic components, of the hydrocarbon 
stream which not only may result is loss of desired products, but also may produce gums or 
35 other undesirable compounds. 
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In a preferred arrangement the residual hydroperoxide may be decomposed by passing 
the hydrocarbon stream over a suitable hydroperoxide decomposition catalyst, for example a 
catalyst comprising oxides of at least one metal selected from iron, nickel, cobalt and copper 
preferably nickel, for example in the fomi of porous shaped particles containing 10 to 70% by 
weight of nickel oxide and a calcium aluminate cement as a binder. Such catalysts decompose 
the residual hydroperoxide with the fomnation of oxygen. The catalyst used for the 
decomposition of the residual hydroperoxide may be disposed as a fixed bed in a separate 
vessel but preferably is disposed in the same vessel as the sulphur compound oxidation 
catalyst especially in a column beneath the sulphur oxidation catalyst down through which the 
hydrocarbon stream is passing. In this way the oxygen fomied by decomposition of the residual 
hydroperoxide can flow up through the sulphur compound oxidation bed and augment the 
oxygen-containing gas used to fomn the hydroperoxide. 

:u t ro^iHiiai huHmnnmxldA is oreferablv effected at 

uataiyiic ueuui i ijjuamw • «• « • / — - •- 

substantially the same temperature and pressure as was employed for the sulphur compound 
oxidation step. 

The liquid hourly space velocity through each catalyst bed is typically in the range 1 to 

10 h*'. 

After the sulphur compound oxidation step, and preferably after a residual hydroperoxide 
decomposition step, the hydrocarbon stream is subjected to a separation process, e.g. fractional 
distillation, to separate a higher boiling point stream containing the oxidised sulphur compounds. 
AS indicated above, the higher boiling stream may be added to the heavy FCC fraction. The 
oxidised sulphur compounds can be removed from this stream by the conventional hydrotreating 
employed for sulphur reduction of diesel. Alternatively, the higher boiling stream, which w.11 be 
largely free from olefinic compounds, may be subjected to conventional sulphur removal, e.g. 
hydrotreatment and sulphur absorption and then returned to the lower boiling fraction or 
otherwise used. 

The reaction of the hydroperoxides with the sulphur compounds, and the subsequent 
decomposition of residual hydroperoxides, gives rise to alcohols. These will normally have 
boiling points within the range of the lighter fraction and so will form part of the treated 
hydrocarbon product stream. However since they are oxygenates, their presence will have the 
benefit of octane enhancement and improve the flame burning characteristics of the 
hydrocarbon product stream, and so will generally not need to be separated. 

The invention is illustrated with reference to the accompanying drawing which is a 
diagrammatic flowsheet of one embodiment of the process. 
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In the drawing a column 10 is provided with three catalyst beds: an upper bed 1 1 of a 
particulate hydroperoxide formation catalyst, e.g. aikalised alumina, a middle bed 12 of a 
particulate sulphur-compound oxidation catalyst, e.g. a titanium silicalite. and a lower bed 13 of a 
particulate hydroperoxide decomposition catalyst, e.g. nickel oxide supported on alumina or 
calcium aluminate. A FCC gasoline stream containing hydrocarbons having at least 5 carbon 
atoms and containing a proportion of isopentane. is fed to the upper end of the column 10 via a 
line 14. Typically the FCC stream is fed at a pressure in then range 2 to 5 bar abs.. and at a 
temperature in the range 20 to 70'C. Air is fed via line 15 to a compressor 16 and thence via a 
cooler 17 and line 18 to a location between the beds 1 1 and 12. The air passes up through the 
catalyst bed 1 1 counter-cun-ent to the flow of the hydrocarbon stream and effects oxidation of 
some of the isoparaffins in the FCC stream to hydroperoxides. The excess of air is exhausted 
from the top of the column 10 via line 19 and is used elsewhere as combustion air. The FCC 
stream, containing the sulphur compounds and the hydroperoxides, then passes down through 
the sulphur-compound oxidation catalyst bed 12 wherein the hydroperoxides oxidise the sulphur 
compounds to higher boiling point compounds. The hydrocart)on stream then passes down 
through the hydroperoxide decomposition bed 13 wherein the residual hydroperoxides are 
decomposed: oxygen released by decomposition of the residual hydroperoxides passes up 
through the bed 12 and augments the air supplied via line 18. 

The hydrocarbon stream, containing the oxidised sulphur compounds, then leaves the 
20 bottom of the column via line 20 and is then fed to a fractional distillation unit (not shown). A 
high boiling point fi^ction, containing the oxidised sulphur compounds, is separated in the 
distillation unit. Typically about 5-15% of the product stream 20 will be separated as the high 
boiling point stream in the subsequent fractional distillation. This separated stream will contain 
little olefinic components and so the octane rating of the light firaction will not be significantly 
25 reduced. 

The following calculated example illustrates one embodiment of the invention using the 
flowsheet of the drawing to treat about 2200 metric tons per day (hereinafter tpd) of an FCC 5+ 
gasoline fraction containing about 0.6 tpd of sulphur as mercaptans and about 4.5 tpd of sulphur 
as thiophenic and similar compounds. The process is operated adiabatically with the air and 
30 gasoline fraction being fed to the column at a temperature of 40-C and the gasoline fed at a 
pressure of 3 bar abs. It is assumed that only the isopentane reacts to form hydroperoxides, 
and that the mercaptan sulphur is oxidised to sulphonic acids whHe the thiophenic sulphur is 
oxidised to sulphoxides. The following table shows the calculated flow rates and temperatures. 
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Sulphoxides 
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Sulphonic acids 
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Pentanol 
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10 


Total flow (kmol/h) 


991.6 


57 


991.6 


48,3 


991.6 


991.6 


Total weight flow (kg/h) 


91780 


1650 


92100 


1410 


92100 


92071 


Temperature CC) 


40 


40 


45 


40 


54 
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Claims 

1 . A process for the removal of sulphur compounds from a liquid hydrocarbon FCC stream 
containing olefins and thiophenic sulphur compounds comprising contacting said 
hydrocarbon stream and a tertiary hydroperoxide with a catalyst effective to catalyse the 
reaction of tertiary hydroperoxides with sulphur compounds, whereby the sulphur 
compounds are converted to higher boiling point sulphur compounds and thereafter 
separating a higher boiling point fraction containing said higher boiling point sulphur 
compounds from said hydrocarbon stream. 

2. A process according to claim 1 wherein the reaction is effected adiabatically with the 
hydrocarbon stream being fed to the catalyst at a temperature in the range 20 to 80**C. 

3. A process according to claim 1 or claim 2 wherein the FCC hydrocarbon stream contains 
at least one isoparaffin, and is contacted with a gas containing free oxygen in the 
presence of a catalyst effective to catalyse the oxidation of isoparaffins to tertiary 
hydroperoxides, whereby tertiary hydroperoxides are formed in said hydrocarbon stream 
and the hydrocarbon stream containing the hydroperoxides is contacted with the catalyst 
effective to catalyse the reaction of tertiary hydroperoxides with sulphur compounds. 

4. A process according to claim 3 wherein the catalyst effective to catalyse the oxidation of 
isoparaffins to tertiary hydroperoxides is alumina impregnated with potassium hydroxide. 

5. A process according to claim 3 or daim 4 wherein the sulphur compound oxidation 
catalyst is disposed as a fixed bed beneath a fixed bed of the hydroperoxide formation 
catalyst, the hydrocarbon stream is passed down through the beds and the oxygen- 
containing gas is injected between the beds. 

6. A process according to claim 3 or claim 4 wherein the sulphur compound oxidation 
catalyst is disposed as a fixed bed beneath a fixed bed of the hydroperoxide formation 
catalyst, the hydrocarbon stream is passed down through the beds at a pressure in the 
range 10 to 20 bar abs. and the oxygen-containing gas is injected into the hydrocarbon 
stream before it enters the first bed. 
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7. A process according to claim 5 or claim 6 wherein the hydrocarbon stream and oxygen- 
containing gas are fed to the bed of hydroperoxide formation catalyst at temperatures in 
the range 20 to 80'C. 

8. A process according to any one of claims 1 to 7 wherein, after passage through the bed of 
the catalyst effective to catalyse the reaction of tertiary hydroperoxides with sulphur 
compounds, residual hydroperoxide in the hydrocarbon stream is decomposed by passing 
the hydrocarbon stream over a hydroperoxide decomposition catalyst before the higher 
boiling point fraction containing the higher boiling point sulphur compounds is separated 
from the hydrocarbon stream. 

9. A process according to claim 8 wherein the hydroperoxide decomposition catalyst 
comprises oxides of at least one metal selected from iron, nickel, cobalt and copper. 

10. A process according to claim 8 or claim 9 wherein the hydroperoxide denomnnsition 
catalyst is disposed as a fixed bed beneath the catalyst effective to catalyse the reaction 
of tertiary hydroperoxides with sulphur compounds. 
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